The role of endoscopic ultrasound (EUS) in the detection of pancreatic islet cell tumours is reviewed. Functioning islet cell tumours are frequently small at presentation (90% < 2 cm). Advances in cross-sectional imaging with CT and MRI have resulted in improved detection rates of these small lesions. The sensitivity of EUS in the detection of insulinoma is similar to helical or multislice CT, i.e. between 82 and 94%, while a combination of both techniques is reported to identify 100% of tumours. EUS may be considered a primary diagnostic tool in these patients. EUS has a secondary role in the detection of gastrinomas as over 50% are malignant and 5% extra-pancreatic in position. CT should be used as a first-line investigation. EUS is valuable in problem solving in these patients. EUS has a role in staging large tumours prior to surgery. EUS-guided fine needle aspiration may provide cytological confirmation of the nature of a tumour prior to surgery.
Introduction
Islet cell tumours are uncommon neoplasms occurring in approximately 1-5 cases/million population per year [1] . They are classified as functioning (85%) and nonfunctioning tumours (15%).
Non-functioning tumours frequently present at an advanced stage-either as a large pancreatic mass when benign, or with metastatic disease to the liver or lymph nodes when malignant. However, with the increasing use of cross-sectional imaging, they are not infrequently discovered as an incidental finding when still relatively small. The role of imaging in these tumours is to identify characteristic features that may enable differentiation from pancreatic adenocarcinoma and to detect signs of malignancy.
Functioning tumours are named after the hormone they secrete. The most common tumours are insulinomas (60%) and gastrinomas (18%) with other tumourssomatostatinomas, vipomas and glucagonomas-each representing only approximately 1% of the total. The malignant potential of these tumours varies with the cell type from 10 to 90%. Functioning tumours are typically small at presentation and the diagnosis is established by the associated typical biochemical and clinical abnormalities. The challenge to the radiologist is the localisation of these tiny lesions.
The requirement for accurate pre-operative localisation has not been universally accepted. Historically, noninvasive imaging techniques have been relatively insensitive and some experts believe that in the context of an established biochemical diagnosis, most functioning tumours can be identified at surgery by pancreatic palpation and inspection, often accompanied by intraoperative ultrasound. Others believe that the precise pre-operative localisation of functioning tumours, the detection of multiple lesions and the identification of signs of malignancy allow for more accurate surgical planning and pre operative patient counselling. There is considerable debate as to the optimal imaging strategy to be adopted in these patients. The search for small lesions has frequently involved a multiplicity of diagnostic tests including percutaneous ultrasound, CT, MRI, somatostatin receptor scanning, angiography and venous sampling [2] . Technical advances, particularly in MRI and CT, have resulted in a significant improvement in image quality and although early studies reported disappointing sensitivities, recent studies have reported improved detection [3] .
Endoscopic ultrasound in the detection of pancreatic islet cell tumours 85
The potential role of endoscopic ultrasound (EUS) in the search for small islet cell tumours was highlighted in 1992 by Rösch et al. [4] who excluded from their study any patient in whom transabdominal ultrasound or CT was positive, thereby eliminating large tumours and focusing on the real problem of tumours less than 2 cm in diameter. Using EUS they correctly identified 32 of 39 surgically proven intra-pancreatic tumours (sensitivity 82%) with a specificity of 95%. These impressive results led to the recommendation that once the clinical diagnosis has been established, EUS should be used at an early stage in the localisation of neuroendocrine tumours of potential pancreatic origin.
Technique: EUS
Most reported EUS studies employ the radial sector scanner (GF-UM20, Olympus, Tokyo, Japan). A sideviewing endoscope is combined with a 7.5 and 12 mHz ultrasound transducer located at the end of the scope distal to the side viewing optics. The field of view is 360 • and is orthogonal to the long axis of the scope.
Linear scanning endoscopes (Pentax FG 32/38) are also available which employ a 5-7.5 mHz transducer with a 105 • section of scanning. The field of view with these instruments is more restricted and anatomic localisation can be more difficult. However, the major benefit of these scopes is that the scanning plane is parallel to the shaft of the instrument and therefore facilitates the accurate placement of a needle for diagnostic purposes.
Examinations are undertaken with patient sedation and the patient in the left lateral decubitus position. The endoscope is introduced initially into the descending duodenum and ultrasound examination is performed by withdrawing the instrument, visualising in turn the uncinate process and pancreatic head through the duodenal wall. The body and tail of the pancreas are investigated with the endoscope withdrawn into the stomach. A fluid interface is provided by means of a water-filled balloon around the transducer and also, in selected patients, by filling the stomach with water. The length of the procedure can vary between 10 and 40 min.
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Insulinoma
Insulinomas are the most common type of functioning islet cell tumour. Over 90% of these lesions are benign and intra-pancreatic in position, with an equal distribution in the head, body and tail. The majority are solitary and 60-75% of tumours are less than 1.5 cm in diameter. Forty percent of lesions are less than 1 cm and can be as small as 2 mm, and are difficult to detect. Five to ten percent of lesions are multiple and in 5-10% of cases, hypoglycaemia may be due to nesidioblastosis or islet cell hyperplasia which is characterised by a proliferation of abnormal B cells throughout the pancreas.
Two to five percent of tumours may be ectopic in position and can be difficult to localise. A small proportion are pedunculated lesions. Malignant lesions tend to be larger and the majority of malignant islet cell tumours are greater than 3 cm in diameter at presentation [1, 2] .
The typical appearance of an of insulinoma on EUS is of a small uniformly hypoechoic mass with a clearly defined distinct margin which is easily identified against the normal pancreatic parenchyma [5] [6] [7] (Fig. 1) . The reported sensitivity of EUS ranges between 82 and 94% [4] [5] [6] [7] [8] [9] .
Several studies report a lower sensitivity for detection of lesions in the pancreatic tail where the sensitivity is approximately 50-60% as compared with 95 and 98% for tumours of the head and body of the pancreas, respectively. This may reflect the anatomic disadvantage of scanning the tail from the stomach in patients who have increased retroperitoneal fat [4, 10] .
Figure 4
'Gastrinoma triangle'. Tumour arises in the pancreatic head, duodenal wall or in the peripancreatic tissues.
Because approximately 95% of insulinomas are pancreatic in location, a negative EUS examination is less reliable in excluding a pancreatic tumour (negative predictive value 43%) [9] and reflects the fact that isoechoic tumours and those which are pedunculated may be more difficult to detect (Fig. 2) . The sensitivity of CT in the detection of islet cell tumours is highly dependent on the techniques employed. Studies using contrast-enhanced helical CT report sensitivities between 65 and 82% [11] [12] [13] . Two recent studies employing multidetector, multiphase contrastenhanced thin section CT have reported sensitivities of 83% [14] and 94% [7, 14] in the detection of insulinomas. Insulinomas are typically hyperattenuating on at least one phase of contrast enhancement-typically on the late arterial (25 s) or pancreatic phase (35-40 s) of imaging but occasionally in the portal venous phase [14] . In the analysis of the false-negative examinations (6/30), two tumours were revealed as isodense and pedunculated, three were in close proximity to vessels and one had a cystic appearance. The combination of thin section, multislice CT and endoscopic ultrasound was demonstrated to have a combined sensitivity for pre-operative detection of insulinomas of 100% [7] (Fig. 3) .
Gastrinomas
Patients with gastrinomas may present with the Zollinger-Ellison syndrome which links peptic ulcer disease, diarrhoea or abdominal pain with elevated levels of serum gastrin. Ninety percent of gastrinomas occur in what is known as the 'gastrinoma triangle' either in the duodenal wall or peri-duodenal tissues or within the head of the pancreas (Fig. 4) . Up to 50% may be extrapancreatic in location and these lesions can be difficult to identify on imaging.
These tumours are frequently small, between 3 and 5 mm in diameter (40% are less than 1 cm) and often multiple. Fifty to sixty percent of tumours are malignant with metastatic involvement of adjacent lymph nodes and the liver. Endoscopic ultrasound has a high sensitivity in the detection of intra-pancreatic gastrinomas of between 80 and 94% [8, 9] , but has a lower sensitivity for duodenal tumours and extra-pancreatic lesion of approximately 50% with an overall sensitivity of approximately 70% [8, 15] (Fig. 5 ). In patients with clinical evidence of Zollinger-Ellison syndrome, particular attention should be directed to the duodenal wall. In one study, initial endoscopy revealed tumours in the duodenal wall or stomach in 11% of patients presenting with a clinical diagnosis of gastrinoma [9] .
Gastric carcinoids may arise in association with pancreatic or peri-pancreatic gastrinomas in the context of multiple endocrine neoplasia syndrome (MEN1) and approximately 30% of patients with MEN1 will have gastric carcinoid tumours [16] (Fig. 6 ). MEN1 is a rare autodominant disorder with many complex endocrine and non-endocrine manifestations. Patients may present with hyperthyroidism, islet cell tumours and pituitary tumours-predominantly prolactinomas and growth hormone releasing tumours. Adreno-cortical tumours may occur as may skin lesions such as collagenomas and lipomas [17] .
CT is typically the primary investigative modality in patients suspected of Zollinger-Ellison syndrome or MEN1 because of the high rate of malignancy and the superior sensitivity of CT for metastatic disease.
Somatostatin receptor scanning is also valuable in this context with a high sensitivity for gastrinomas of between 74 and 87% [8] . The sensitivity for insulinomas is less, as only approximately 50% of insulinomas express somatostatin receptor activity.
We use EUS as a second-line investigation after CT scanning in this group of patients. Not uncommonly, EUS will detect lesions in the duodenal wall or peri-duodenal extra-pancreatic tissues which prior CT has failed to identify. Retrospective review of the CT scan or repeat CT with negative duodenal contrast (water distension) and biphasic scanning will frequently demonstrate these extra-pancreatic lesions in retrospect (Fig. 7) . 
Role of EUS in differential diagnosis and staging
Patients who are found to have a pancreatic mass on other imaging tests are frequently referred for EUS for staging. There are certain features on EUS which suggest that a tumour may have an islet cell origin as compared to pancreatic adenocarcinoma. Demonstration of cystic change within the lesion or calcification may be an indication that the lesion is other than a typical adenocarcinoma (Fig. 8) . A recent report highlighted certain EUS features which may allow a differentiation between benign and malignant non-functioning islet cell tumours, although the reported series is small [18] . Malignant lesions tend to be larger with a mean diameter of greater than 4 cm (Fig. 9) . They are frequently more heterogeneous in echotexture with irregular central echogenicity, and may displace or obstruct the main pancreatic duct. However, the specificity of using morphological features alone to differentiate pancreatic mass lesions is relatively low: 53% [19] . The accuracy of EUS staging prior to surgery has been addressed in several studies, particularly in relation to vascular invasion. Tio et al. reported an overall accuracy of 83.6% of local tumour staging considering size, invasion of local organs and major vessels [20] . There are specific signs which may indicate vascular invasion with variable accuracy-proximity of the mass to a vessel (73%), loss of the interface between the mass and vessel (78%) and irregularity of the venous wall (87%) [21] . However, the sensitivity for superior mesenteric vein invasion is low (17%), which reduces the overall sensitivity of this technique to 47%.
Establishing a firm diagnosis of islet cell tumour preoperatively may allow for a more aggressive surgical approach in these tumours. A surgical series of 31 patients with large or malignant islet cell tumours of greater than 4 cm in diameter reported an overall 5-year survival of 75% following aggressive surgery with vascular reconstruction and resection of any involved adjacent organs or metastases. These results are clearly superior to those reported for pancreatic adenocarcinoma [22] .
Figure 9
Irregular peripheral margins in a malignant insulinoma.
EUS-guided biopsy
The development of curvilinear ultrasound endoscopes has enabled the development of transmural biopsy techniques, guided by EUS. The needle passage through the gastric or duodenal wall into a lesion can be clearly monitored by EUS and fine needle aspiration (FNA) biopsy obtained. A direct approach to the lesion through the gastric or duodenal wall reduces the potential risk of transperitoneal spread of tumour (Fig. 10) . Voss et al. reported the results of EUS fine needle aspiration biopsy in 90 patients presenting with a pancreatic mass (adenocarcinoma n = 59, neuroendocrine tumours n = 15). Diagnostic accuracy of FNA was higher in adenocarcinomas (81%) as compared to neuroendocrine tumours (46.7%) [23] . There are technical difficulties due to problems in positioning, particularly in relation to the pancreatic head and uncinate process. Some tumours may have a very dense fibrotic stroma and are very difficult to penetrate, and in these the FNA biopsy is frequently negative. Approximately 50% of biopsies in the neuroendocrine tumours were false-negative or inadequate in this study. In many of these, the specimen was haemorrhagic and unsuitable for diagnosis. Experience with this technique is increasing. A recent study included 58 patients with a pancreatic mass in whom CT-guided biopsy was negative. In these patients, EUS FNA had 90% sensitivity for malignancy, 50% specificity for benign disease and 84% accuracy [24] . Similar results have been reported in a further study of 179 EUS FNAs, 91% of which were pancreatic lesions, where an overall sensitivity of 81.7% was found with a false negative rate due to inadequate sampling of 13.2% [25] . Although the results for pancreatic adenocarcinoma are very promising, the final role of EUS-directed biopsy in patients with suspected islet cell tumour has not yet been established.
Conclusion
In summary, endoscopic ultrasound has a high sensitivity in patients with insulinoma and should be regarded as a primary diagnostic tool. In patients with gastrinoma where there is a higher possibility of malignancy, CT should be used as the first-line investigation and EUS reserved as a second-line investigation in patients who are CT negative. All such patients should also undergo endoscopy to detect small gastric wall duodenal tumours. Where there is strong suspicion of a functioning tumour but other tests are negative, EUS may contribute useful information.
EUS may also provide valuable information regarding resectability in larger non-functioning tumours. The role of EUS-directed FNA biopsy for pre-operative diagnosis in these tumours shows promise but has not yet been firmly established.
